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V Scopolamine  ( 1 2 to  20  frg/kg)jwas  given  to  seven  men  intravenously.  Reduction  in  motor  performance 
and  in  ability  to  add  numbers  was  evident  for  4 to  8 hours  after  injection.  Delusions,  hallucinations,  slurred 
speech,  and  disconnected  sentence  structure  lasted  1 to  3 hours.  An  initial  mydriasis  correlated  with 
tachycardia  and  a subsequent  mydriasis  correlated  with  maximal  decrement  in  ability  to  add  numbers.  Plasma 
luteinizing  hormone  (LH)  peaked  at  30  minutes  in  three  out  of  four  subjects:  follicle  stimulating  hormone 
(FSHi  but  not  LH  was  released  in  the  remaining  subject.  No  effects  on  testosterone,  growth  hormone,  or 
thyrotropin  were  observed.  Stimulation  of  cortisol  release  was  greater  after  scopolamine  than  after  control 
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injection  in  each  of  four  subjects.  Smaller  decrements  in  ability  to  add  numbers  seemed  correlated  with 
higher  5-hydroxyindoleacetic  acid  (5-HIAA)  excretion,  whereas  higher  levels  of  incapacitation  seemed  related 
to  reduces  S-HIAA  excretion.  These  findings  are  discussed  in  relation  to  a possible  serotoninergic  basis  for 
scopolamine  intoxication. 
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PREFACE 


The  work  described  in  this  report  was  authorized  under  Project/Task 
1W76271 8AD2103,  Clinical  Evaluation  of  Chemical  Agents.  This  work  was  started  in  December 
1974  and  completed  in  March  1975. 

The  volunteers  in  these  tests  are  enlisted  US  Army  personnel.  These  tests  are 
governed  by  the  principles,  policies,  and  rules  for  medical  volunteers  as  established  in  AR  70-25 
and  the  Declaration  of  Helsinki. 

In  conducting  the  research  described  in  this  report,  the  investigators  adhered  to 
the  “Guide  for  the  Care  and  Use  of  Laboratory  Animals,”  as  promulgated  by  the  Committee  on 
Revision  of  the  Guide  for  Laboratory  Animal  Facilities  and  Care  of  the  Institute  of  Laboratory 
Animal  Resources,  National  Research  Council. 

The  use  of  trade  names  in  this  report  does  not  constitute  an  official  endorsement 
or  approval  of  the  use  of  such  commercial  hardware  or  software.  This  report  may  not  be  cited 
for  purposes  of  advertisement. 

Reproduction  of  this  document  in  whole  or  in  part  is  prohibited  except  with 
permission  of  the  Director,  Chemical  Systems  Laboratory,  Attn  DRDAR-CLJ-I,  Aberdeen  Proving 
Ground,  Maryland  21010;  however,  DDC  and  the  National  Technical  Informatin  Service  are 
authorized  to  reproduce  the  document  for  US  Governnent  purposes. 
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I.  INTRODUCTION. 

The  effects  of  scopolamine  on  the  central  nervous  system  (CNS)  have  been  described 
recently  in  detail  and  shown  to  be  related  to  inhibition  of  cholinergic  mechanisms.*  Although  the 
central  to  peripheral  potency  ratio  for  scopolamine  was  about  tenfold  greater  than  that  for 
atropine,  the  effects  of  scopolamine  on  peripheral  sites  (heart  and  pupils)  were  noted.  The 
impression  of  a delay  in  full  mydriasis  past  the  point  for  expected  action  at  iris  receptor  sites, 
and  the  suggestion  of  bradycardia  (following  upon  the  more  dramatic  tachycardia)  after 
scopolamine  were  considered  as  possible  central  manifestations  of  drug  action.  The  present  study 
was  undertaken  to  confirm  the  effects  of  the  drug  on  performance,  to  examine  pupil  size  and 
heart  rate  in  more  detail,  and  to  illustrate  the  pattern  of  response  in  individual  human  subjects. 

Furthermore,  in  this  study  the  pituitary  axis  was  examined  because  of  the  role  played 
by  the  anticholinergic  agent,  atropine,  in  elucidation  of  the  critical  period  of  neural  activity  on 
the  afternoon  of  proestrus.2  When  given  at  the  beginning  of  the  critical  period,  this  drug 
inhibited  the  hypothalamic  stimulation  of  the  release  of  ovulating  hormone  from  the  pituitary. 
Atropine  also  inhibited  sexual  behavior  in  male  and  female  rats.3 

The  effect  of  scopolamine  on  compensatory  ovarian  hypertrophy  in  mice  was  also 
investigated. 

II.  MATERIALS  AND  METHODS. 

The  volunteers  in  this  study  were  enlisted  US  Army  personnel,  19  to  25  years  of  age. 
These  tests  are  governed  by  the  principles,  policies,  and  rules  for  medical  volunteers  as 
established  in  AR  70-25  and  the  Declaration  of  Helsinki.  The  subjects  refrained  from  ingesting 
bananas,  cheese,  coffee,  colas,  tea,  or  any  drugs  during  the  days  of  testing.  Except  for  subject  1 
each  man  was  given  a control  saline  injection  on  day  1 and  scopolamine  on  day  2.  Performance 
and  physiological  parameters  were  followed  in  a similar  fashion  on  both  days.  Scopolamine 
hydrobromide  or  saline  was  given  in  a single  bolus  intravenously  through  an  indwelling  venous 
catheter  inserted  30  to  60  minutes  prior  to  injection  for  baseline  blood  samples  and  subsequent 
sampling.  After  a light  breakfast  2 hours  earlier,  injections  were  given  at  0800  (subject  1).  0900 
(subjects  2,  3,  4.  and  5),  or  1000  (subjects  6 and  7)  hours. 

At  various  intervals  after  injection,  pulse  was  measured  for  30  seconds  by  palpation  of 
the  radial  artery,  and  pupil  size  was  measured  by  use  of  an  infrared-sensitive  television 
pupillometer  with  a tenfold  image  magnification  and  an  accuracy  of  0.1  mm.  Number 

facility  (NF)  tests  were  administered  to  assess  cognitive  performance.1  and  peg  board  (PB) 
(subjects  2,  3,  4,  and  5)  tests  were  given  to  assess  motor  coordination.  Blood  samples  (20  ml 
each)  were  drawn  in  heparinized  syringes  and  tubes:  plasma  was  deep-frozen  until  assay. 
Subjects  6 and  7 were  connected  to  an  electrocardiograph  (ECG)  oscilloscope  from  which  heart 
rates  were  obtained  by  counting  QRS  complexes  for  30  seconds  and/or  by  measuring  the  QRS 
interval  on  ECG  strips.  Mean  pupil  diameters  (of  left  and  right  pupils  measured  one  immediately 
after  the  other)  were  recorded  in  subjects  2.  3,  4.  and  5:  and  only  left  pupil  diameter  was 
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measured  in  subjects  1 , 6,  and  7.  For  subjects  6 and  7,  a brightness  discriminator  attachment 
was  added  to  the  pupillometer  in  order  to  facilitate  the  readings.  Urine  was  collected  for 
various  time  intervals  in  subjects  2,  3,  4,  5,  6 and  7 to  measure  5-hydroxyindoleacetic  acid 
(5-HIAA),  which  was  calculated  in  terms  of  milligrams  excreted  per  hour. 

Luteinizing  hormone  (LH),4  follicle  stimulating  hormone  (FSH),5  human  growth 
hormone  (HGH),6  and  thyroid  stimulating  hormone  (TSH)7  were  measured  in  plasma  by- 
radioimmunoassay.  Cortisol  was  measured  by  competitive  protein-binding.8  Testosterone  was 
measured  by  radioimmunoassay  using  the  commerical  test  set  from  Wien  Laboratories. 
Succahanna,  New  Jersey.  Five-HIAA  was  measured  according  to  the  method  of  Unden frien d,  et 
al .9  for  urinary  5-HIAA  with  a modification  of  the  Hycel  kit  procedure.  Plasma  melatonin  was 
measured  by  bioassay  according  to  the  method  of  Ralph  and  Lynch.10 

In  order  to  test  the  effect  of  scopolamine  on  the  compensatory  ovarian 
hypertrophy  (COH)  response  of  young  mature  Swiss-Webster  mice,  a single  injection  of  diluent 
(distilled  water)  or  one  of  three  doses  of  scopolamine  in  a volume  of  0.1  ml  was  given 
intraperitoneally  on  the  day  of  unilateral  ovariectomy.  Ten  days  later  the  remaining  ovary  was 
removed,  and  the  weight  increment  attained  in  this  ovary  was  expressed  as  a percent  of  the 
weight  of  the  first  ovary  and  was  termed  COH.  Ovarian  weights  were  corrected  for  body  weight. 

Ill  RESULTS. 

Figures  1 through  7 depict  the  time  course  of  the  performance  and  physiological 
responses  to  saline  and  scopolamine.  Pupil  size  began  to  rise  within  2 to  3 minutes  of  injection 
of  scopolamine  (P[ ).  After  this,  it  leveled  off  by  12  minutes  (figure  8).  There  was  a second  rise 
in  pupil  size  (P2)  culminating  in  the  maximal  pupil  size  change  (P)  at  1 to  2 hours.  In  subject  3. 
who  had  the  smallest  NF  decrement,  there  was  no  definite  second  rise,  although  between  1 and 
2 hours  the  pattern  seemed  slightly  altered.  There  was  a great  deal  of  variability,  and  by  24  hours 
pupil  size  was  still  not  quite  to  baseline,  except  in  subject  l,who  was  measured  in  the  dark.  The 
others  were  measured  in  fluorescent  light  (12  footcandles).  The  total  maximal  change  (P)  in  pupil 
size  varied  between  1.05  and  3.8  mm  in  diameter,  and  the  maximal  P2  ranged  from  0 to  2.1  mm. 
In  subjects  1,  2.  3,  4.  and  5 heart  rate  peaked  in  1 to  5 minutes,  and  in  subjects  6 and  7.  who 
were  monitored  continuously  by  ECG.  it  peaked  by  1 minute.  Tachycardia  (heart  rate  above 
baseline)  continued  for  40  to  60  minutes,  and  the  maximal  elevation  in  heart  rate  ranged  from 
24  to  54  beats  per  minute  (bpm)  (table  1).  The  pulse  rate  returned  to  a level  10  to  20  bpm 
below  baseline  for  several  hours  except  in  subject  5.  whose  pidse  rate  returned  tc  baseline. 
Examination  of  curves  for  the  control  day  revealed  no  tendency  for  bradycardia  below  baseline. 
In  subject  7.  there  was  no  difference  between  measuring  heart  rate  by  counting  for  30  seconds 
and  by  measuring  QRS  intervals  for  ECG  strips.  In  the  latter  method,  there  is  great  variability 
even  when  only  seconds  elapse  between  measurements  (figure  7). 


EXPERIMENTAL  TIME  (HRS) 


Legend : 


P,  pupil  diameter  (mm) 

NF,  number  facility 

HR,  heart  rate  (beats/minute) 


Figure  1-  Time  Course  of  Responses  After  Injection  of  Saline  Or  Scopolamine  in 
a Volunteer  at  Zero  Experimental  Time 
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PB.  peg  board  performance  (percent  baseline) 

HR,  heart  rate  (beats/minute) 

Time  Course  of  Responses  After  Injection  of  Saline  Or  Scopolamine  in 
a Volunteer  at  Zero  Experimental  Time 
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EXPERIMENTAL  TIME  (HRS) 

Legend:  P.  pupil  diameter  (mm) 

NF,  number  facility 

PB.  peg  board  performance  (percent  baseline) 

HR.  heart  rate  (beats/minute) 

Figure  3.  Time  Course  of  Responses  After  Injection  of  Saline  Or  Scopolamine  in 
a Volunteer  at  Zero  Experimental  Time 
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EXPERIMENTAL  TIME  (HRS) 


Legend:  P.  pupil  diameter  (mm) 

Nf;.  number  facility 

PB.  peg  board  performance  (percent  baseline) 

HR.  ,ieart  rate  (beats/minute) 

f igure  4.  Time  Course  of  Responses  After  Injection  of  Saline  Or  Scopolamine  in 
a Volunteer  at  Zero  experimental  Time 
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EXPERIMENTAL  TIME  (HRS) 

Legend:  P.  pupil  diamter  (mm) 

NF,  number  facility 

PB.  peg  bojrd  performance  (percent  baseline) 
HR.  heart  rate  (beats/minute) 


Figure  5 Time  Course  of  Responses  After  Injection  of  Saline  or  Scopolamine  in 
a Volunteer  at  Zero  experimental  Time 
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MINUTES  EXPERIMENTAL  TIME  (HRS) 

Legend:  M.  plasma  melatonin  (ng/10  ml) 


1\  pupil  diameter  (mm ) 

NL.  number  facility 

HR.  heart  rate  (beats/minute) 

Figure  6,  Responses  of  Subject  6 Who  Was  Given  16  /ig/kg  of  Scopolamine 

Note  the  expanded  time  scale  (0-1 0 minutes)  shown  only  for  the  scopolamine  day. 
Heart  rate  was  taken  from  FCG  strips  in  this  case.  The  horizontal  line  in  the  HR  graph  indicates 
the  mean  heart  rate  prior  to  injection. 
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EXPERIMENTAL  TIME  (HRS) 

Legend:  M.  plasma  melatonin  (ng/10  ml) 

P.  pupil  diameter  (mm) 

NF.  number  facility 

HR,  heart  rate  (beats/minute) 


Figure  7.  Responses  of  Subject  7 Who  Was  Given  20  pg/kg  of  Scopolamine 

Note  the  expanded  time  scale  (0-10  minutes)  shown  only  for  the  scopolamine  day. 
In  this  case,  the  open  circles  represent  heart  rate  taken  by  counting  QRS  on  the  monitor  for 
30  seconds,  and  closed  circles  indicate  heart  rate  taken  from  ECG  strips. 


SCOPOLAMINE 


Z -1  CONTROL 


EXPERIMENTAL  TIME 
(HRS) 


Figure  8.  The  Time  Course  of  Pupillary  Dilation  Following 
12.  16  or  20  pg/kg  B.  Wt.  Scopolamine 

The  numbers  by  the  curves  indicate  individual  subjects.  The  arrow  indicates 
I 2 minutes  after  injection,  when  the  initial  rise  in  pupil  diameter  < P ] ) after  scopolamine  is 
completed  in  all  subjects.  The  second  rise  (Pt)  is  small  and  begins  late  (I  to  2 hours)  in 
subjects  1 and  4.  but  is  large  and  begins  early  in  subject  6.  Subject  7 has  the  nearest 
approximation  to  a possible  idealized  curve  with  both  components  well  separated  and  easily 
visible. 
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Table  1.  Dose  of  Scopolamine  Hydrobromide  and  the  Resulting 
Maximal  Changes  from  Baseline  in  Various  Parameters 


Subject 

No. 


Measurements  for  NF  and  PB  showed  the  expected  variability  and  decline  after 
scopolamine.  Although  the  time  course  corresponded  to  that  described  earlier.1  there  was  no 
significant  dose-response  relationship  noted  because  of  the  small  number  of  subjects  given  each 
dose  and  the  relative  proximity  in  magnitude  of  the  doses  to  one  another.  However,  the  maximal 
decrement  in  these  two  parameters  of  CNS  effect  (NF  and  PB)  correlated  with  each  other 
(figure  9).  In  general,  the  NF  approached  minimal  level  at  about  the  time  of  P2  and  began 
slowly  to  return  toward  baseline  at  about  the  time  the  heart  rate  dropped  below  baseline.  A 
series  of  linear  regressions  on  the  parameters  listed  in  table  I showed  that  whereas  Pj  correlated 
with  heart  rate  but  not  NF.  P-,  correlated  with  NF  and  not  heart  rate  (figure  9). 

Figure  10  shows  the  results  of  the  hormone  assays.  Although  no  effect  of  scopolamine 
was  observed  on  TSH.  HGH.  or  testosterone,  cortisol  showed  a rise  at  30  to  60  minutes  that  was 
greater  than  that  seen  with  control  injections.  Luteinizing  hormone  peaked  30  minutes  after 
scopolamine  injection  in  subjects  2.  3.  and  4.  The  timing  of  the  peaks  and  their  absence  on 
control  days  indicate  that  they  did  not  represent  spontaneous  bursts  of  LH.  In  subject  5 there 
was  a large  FSH  elevation  after  scopolamine  injection  without  a rise  in  LH.  (See  table  2 for 
comparison  of  area  under  the  curves  for  cortisol  and  LH.)  Because  of  inadequate  numbers  of 
control  samples  for  subject  3,  his  values  were  not  included.  Since  there  were  only  three  subjects 
to  compare  in  this  way,  no  statistical  analysis  was  done.  Though  there  seemed  to  be  no 
dose-related  response  to  cortisol,  it  appears  that  LH  release  was  inversely  related  to  the  dose 
given.  Melatonin  was  measured  in  subjects  6 and  7 who  were  part  of  another  test  group  in  which 
the  effects  of  drugs  on  this  putative  pineal  hormone  were  studied.1 1 Scopolamine  had  apparent 
effect  on  melatonin  levels. 


The  excretion  of  5-HIAA  for  2 hours  after  the  injection  of  scopolamine  appeared 
greater  at  lesser  degrees  of  incapacitation  when  expressed  as  percent  of  that  excreted  during 
respective  control  periods  (figure  11).  In  the  four  subjects  for  whom  there  are  longer  periods 
followed  with  urine  collection,  the  relationship  persisted  for  24  hours. 
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Legend:  HR.  heart  rate  increment 

Pj . initial  rise  in  pupil  si/e 
IN.  second  rise  in  pupil  diameter 
P.  total  increase  in  pupil  size  (Pj  + P->) 

NF.  number  facilitv 

PB.  peg  board  (as  percent  reduction  From  baseline » 

Figure  9.  Correlation  Coefficients  for  Linear  Regressions  on  Various  Parameters 


Only  the  comparisons  that  were  statistically  significant  <p<0.05  except  HR  versus 
dose  which  was  p<  0.01 ) have  regression  lines  drawn.  For  each  parameter  is  plotted  the  maximal 
change  seen  after  scopolamine  injection.  Since  subject  1 was  measured  in  the  dark  and  conditions 
were  therefore  different  from  those  for  the  others,  his  values  were  not  used  for  pupil  size 
comparisons. 
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12  6 8 24  1 2 5 8 24 


FSH 


1 2 5 8 24  % ' 2 5 8 24  1 2 5 8 24 


Figure  10.  Plasma  Hormones  on  Subjects  2.  3.  4.  and  5 

Usually,  two  samples  were  drawn  before  injection  at  time  zero,  the  position  of  the 
ordinate  axis.  The  numbers  near  the  curves  indicate  the  dose  of  scopolamine  in  pg/kg  for  each 
volunteer.  Broken  lines,  control  (saline)  injection;  solid  lines,  scopolamine  injection.  Cortisol. 
pg/100m!:  HGH  (human  growth  hormone).  TSH  (thyroid  stimulating  hormone).  LH  (luteinizing 
hormone).  FSH  (follicle  stimulating  hormone),  and  testosterone,  ng/ml.  The  abscissa  is  marked  in 


5-HIAA  EXCRETION  (LOG  % CC 


MAX  NF  DECREMENT  (%) 


Figure  I 1.  Five-HIAA  Fxpressed  as  Log  '■?  Control.  Using  the  Iquivaleni  Time 
Control  and  Scopolamine  Days.  Related  to  Maximal  NF  Decrement 

The  relationship  is  depicted  for  two  lengths  o!  time  alter  injection.  0 
0 to  13  hours. 


Periods  for 


to  2 hours  and 


Table  2.  Dose  of  Scopolamine  and  Hormone  Response 


Subject 

No. 

Dose 

Cortisol 

Human  Growth 
Hormone 

Pg/kg 

% control* 

% control** 

2 

12 

146 

347 

4 

16 

172 

218 

5 

20 

165 

116 

**  Area  under  curve  for  8 hours  after  injection. 


IV.  DISCUSSION 

The  CNS  effects  of  scopolamine  described  by  Ketchum.  ct  a/.1  were  evident  in  these 
studies.  They  included  deterioration  of  the  ability  to  place  pees  into  new  holes  on  a board  (PB). 
add  numbers  (NF),  and  to  speak  and  communicate  in  a coordinated  manner.  Concrete 
interpretations  of  questions  and  inability  to  remember  what  was  asked  gave  the  experimenter  the 
impression  of  confusion  in  the  subjects.  Subject  7 had  a "very  good  trip"  and  afterwards  wrote 
that  the  experience  more  closely  resembled  that  due  to  a psychedelic  agent  than  that  due  to 
marijuana  He  and  subject  5 described  visual  hallucinations,  including  insects  crawling  on  a pencil 
and  a nurse's  arm  floating  across  the  room.  Subject  2 described  auditory  hallucinations.  In 
contrast  to  the  very  enjoyable  experience  of  subject  7 who  had  previously  had  experience  with 
psychotropic  drugs,  subject  6 (who  denied  any  previous  drug  use)  felt  “weird”  and  intermittently 
frightened.  He  verbalized  relatively  infrequently  during  the  period  of  drug  effect,  and  aside  from 
responses  to  direct  questioning,  he  essentially  was  content  to  sit  quietly  in  the  pupillometer 
chair.  On  the  other  hand,  subject  7 verbalized  almost  constantly  beginning  at  about  5 to 
1 5 minutes  up  until  about  2 hours  after  injection.  A subjective  feeling  of  sleepiness  in  most  of  the 
volunteers  seemed  prominent  only  in  the  first  5 to  10  minutes.  Most  subjects  described 
distortions  of  time  and  space. 

It  is  conceivable  that  the  elevations  of  cortisol  could  have  been  due  to  the  stress  and 
excitement  of  the  drug  effect.  However,  it  is  necessary  to  consider  a specific  action  of 
scopolamine  on  the  control  of  cortisol  secretion  in  view  of  the  cholinergic  neural  component  in 
the  control  of  adrenocortical  function  in  animals.  - Alternatively,  since  brain  serotonin  can  be 
inhibitory  to  corticotropin  release. 1 an  antiserotonin  effect  of  scopolamine  could  explain  the 
cortisol  results. 

The  correlation  of  P->  with  incapacitation,  as  well  as  its  timing,  suggests  that  this  may 
be  an  effect  of  scopolamine  on  CNS  pupil  control  mechanisms.  This  interpretation  is  consistent 
with  the  hypothesis  of  scopolamine-induced  inhibition  of  serotoninergic  mechanisms,  since  the 
action  or  serotonin  in  cat  brain  produces  miosis.14  the  opposite  of  our  observation  (mydriasis). 
The  interpretation  of  Pi  as  a CNS  effect,  however,  cannot  be  certain  until  experimental  evidence 
shows  that  increased  scopolamine  concentration  in  aqueous  humor  or  iris  does  not  produce  P-,. 
which  could  theoretically  explain  the  results.  Attributing  only  Pj  to  a direct  effect  of 


scopolamine  on  the  iris  is  consistent  with  the  occurrence  of  maximal  rise  in  heart  rate  well 
within  the  period  for  Pj.  Subsequent  bradycardia  could  have  represented  a central  effect,  though 
there  is  no  direc  t evidence  for  this 


The  rise  in  gonadotrophins  (LH  in  subjects  2.  3.  and  4 and  I- SI  I in  subject  5)  was 
somewhat  unexpected.  In  contrast,  atropine  blocked  the  release  of  LH  and  FSH  in  male  and 
female  rats,  particularly  if  it  was  administered  into  the  third  ventricle  where  it  had  access  to  the 
hypophyseotropic  areas  of  the  hypothalamus. 1 s Compensatory  ovarian  hypertrophy  (COM)  relies 
on  FSH  and  LH.16  and  has  been  used  to  demonstrate  the  antigonadotrophic  effects  of  certain 
agents  in  mice.17  COH  was  inhibited  by  the  lowest  but  not  the  higher  coses  of  scopolamine 
(table  3),  suggesting  a response  different  from  that  in  the  volunteers,  though  with  a similar 
peculiar  relationship  to  dose.  Release  of  FSH  in  the  subject  with  the  highest  dose,  with  no 
simultaneous  LH  release,  indicates  it  is  possible  to  release  FSH  independent  of  LH.  Although 
acetylcholine  would  appear  to  be  stimulatory."  serotonin  is  considered  to  be  an  inhibitory 
coding  element  for  gonadotropin  release  in  the  rat.1  81  9 The  peculiar  responses  observed  in  this 
study  for  gonadotrophin-related  function  might  be  explained  by  scopolamine  interaction  with 
both  acetylcholine  and  serotonin.  Further  experimentation  in  mice  and  men.  with  greater 
attention  to  differential  effects  of  dosage  level  and  use  of  more  specific  amine  blockers,  should 
help  resolve  this  question. 


Table  3.  Compensatory  Ovarian  Hypertrophy  (COH) 
After  a Single  Injection  of  Scopolamine  at  the 
Time  of  Unilateral  Ovariectomy  in  Mice 


Dose 

N 

Mean 

COH 

Standard 

Lrror 

Mg/mouse 

9? 

Vehicle 

10 

39.5 

4.0 

1 

10 

28.3* 

3.5 

10 

10 

51.9 

8.2 

100 

9 

l. 

33.6 

7.3 

* p < 0.05  versus  either  vehicle  or  10  Mg  group  (Student  i lest). 


The  suggestion  of  lower  5-HIAA  excretion  with  greater  degrees  of  incapacitation  is 
interesting  in  view  of  the  improvement  in  psychosis  index  in  schizophrenic  patients  following 
presumed  elevation  of  brain  serotonin  metabolism  with  the  preen rser  5-hydroxy ’tryptophan  and  a 
peripheral  decarboxylase  inhibitor.'®  Although  there  are  differences  between  endogenous  and 
drug-induced  psychosis,  particularly  in  the  predominance  of  the  delirium  component  in 
scopolamine  intoxication,  nevertheless  there  are  clinical  similarities.  Furthermore,  there  is 
evidence  that  increments  of  cerebral  acetylcholine  released  during  CNS  stimulation  can  elevate 
brain  serotonin  in  rats.'1  If  this  is  true  in  humans,  it  is  possible  to  speculate  that,  with  smaller 
degrees  of  scopolamine  incapacitation,  sertoninergic  function  increased  in  an  attempt  to  induce 
stability  and  resulted  in  an  excretion  of  5-HIAA  greater  than  1 00'?  of  control  values  (figure  1 1 ). 


1 1 


k. 


With  greater  degrees  of  cholinergic  inhibition  in  the  CNS,  synthesis  or  turnover  of  serotonin  have 
been  inhibited,  depressing  5-H1AA  excretion  below  IOC Y/r  of  control  values.  Alternatively,  the 
stress  of  incapacitation  could  have  elevated  brain  serotonin  and  5-HIAA22  and,  with  greater 
anticholinergic  CNS  effect,  a possible  antiserotoninergic  effect  could  have  become  predominant. 

The  idea  of  cross-relationships  between  coding  elements  (represented  by  putative 
neurotransmitters)  has  already  had  precedent  in  relation  to  scopolamine  intoxication:  this  effect 
(depressed  performance)  was  potentiated  with  inhibition  of  catecholamine  receptors  by 
chlorpromazine.1  We  now  consider  the  possibility  that  sertoninergic  activity  may  participate  as 
well.  Perhaps  agents  such  as  tryptophan*2  or  melatonin,-4  which  elevate  brain  serotonin,  might 
be  used  as  therapeutic  or  prophylactic  agents  to  counteract  CNS  toxicity  caused  by  scopolamine. 
This  speculation  is  based  in  part  on  the  presumption  that  urinary  5-H1AA  was  related  to  brain 
serotonin.  Although  this  is  not  known,  there  is  evidence  that  it  is  the  case:  the  finding  by 
Vaughan,  et  al. 1 1 of  a diuma!  rhythm  in  human  urinary  5-H1AA  similar  to  brain  serotonin  cycles 
in  rats-  and  mice,  obliteration  of  the  5-HIAA  cycles  in  volunteers  exposed  to  constant 
light,*  * and  the  observation  that  melatonin,  which  elevated  brain  serotonin  in  rats.-4  caused  a 
greater  than  twofold  rise  in  urinary  5-HIAA  in  three  out  of  four  Parkinsonian  patients.26 
Furthermore,  there  is  ev  'ence  that  in  animals  the  brain  contributes  a large  (over  one  third  of 
the  total)  proportion  of  excreted  serotonin  metabolic  products,  and  this  contribution  results 
from  relatively  high  turnover.27  The  melatonin-treated  patients  of  Papavasiliouet  a/.26  and  those 
of  Cramer  et  a/.-8  were  reported  to  show  evidence  of  greater  psychic  stability  while  on 
melatonin.  Perhaps  melatonin  could  be  used  to  counteract  the  instability  of  scopolamine 
intoxication,  which  seemed  related  to  less  5-HIAA  excretion  in  the  more  severe  cases. 

Since  the  number  of  volunteers  was  small  in  this  study,  the  results  are  only  suggestive. 
The  timing  and  CNS-correlation  of  P-,.  the  effects  of  hormones,  and  the  relationship  of 
scopolamine  to  the  serotoninergic  system  must  be  investigated  further. 
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APG-Fdgewood  Area.  Bldg  1.5179 

CDR.  A PC, 

Attn:  STIAP-TL 
A PC,-  Aberdeen  Area 

Commander 

US  Army  Test  & Evaluation  Command 
Attn:  DRSTE-I  A 
APC, -Aberdeen  Area 

Commander 

US  Army  Tropic  Test  ( enter 

Attn  STI  K MO  A (Tech  l ibrary  I 
APO  New  York  09827 

Commander 

Dugwav  Proving  Oround 
Attn : STI  DP-PO 
Dugwav  . UT  84022 

III  PARTMI  NT  Of  fill  NAVY 

(Tne I of  Naval  Research 
Altn  Code  443 
800  N Ouincy  Street 
Arlin-fon.  VA  22217 


I 

I 


1 


1 


1 

I 


I 


I 


I 


I 


1 
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DISTRIBUTION  LIST  3 (Contd) 


Names 

Commander 

Naval  Explosive  Ordnance  Disposal  f acility 
Attn:  Army  Chemical  Office 
Indian  Head,  MD  20640 

Commander 

Naval  Surface  Weapons  Center 
Attn:  Tech  Lib  & Info  Svcs  Br 
White  Oak  Laboratory 
Silver  Spring,  MD  20910 

Commander 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Attn:  DX-21 
Dahlgren,  VA  22448 

Commander 

Nuclear  Weapons  Training  Group,  Atlantic 
Naval  Air  Station 
Attn:  Code  21 
Norfolk,  VA  2351  1 

Chief,  Bureau  of  Medicine  & Surgery 
Department  of  the  Navy 
Attn:  CODE  5 
Washington,  DC  20372 

Commander 

Naval  Weapons  Center 

Attn:  Technical  Library/Code  233 
China  Lake,  CA  93555 

DEPARTMENT  OF  THE  AIR  FORCE 

HQ  Foreign  Technology  Division  (AFSC) 
Attn:  PDRR 

Wricht-Patterson  AIB,  OH  45433 
Commander 

Aeronautical  Systems  Division 
Attn:  ASD/AFLD 
Wright-Patterson  AFB.  OH  45433 

IIQ,  USAI  /SGPR 
Forrestal  Bldg 
WASH  DC  20314 

Commander 

Armament  Development  & Test  Center 
Attn:  DLOSL  (Technical  Library) 

Eglin  AFB.  FL  32542 

NORAD  Combat  Operations  Center/DBN 
Cheyenne  Mtn  Complex,  CO  80914 


Copies  Names 

OUTSIDE  AGENCIES 

Director  of  Toxicology 
National  Research  Council 
2101  Constitution  Ave,  NW 
Washington,  DC  20418 

' US  Public  Health  Service 

Room  17A46  (CPT  Osheroff) 
5600  Fishers  Lane 
Rockville,  MD  20857 
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1 


1 


1 


1 


1 


I 


1 


1 


Copies 


1 


